Introduction: This study aims to evaluate the conceptual relevance of four measures of disease activity in patients with mild/mild-moderate Alzheimer's disease (AD): (1) the Alzheimer's Disease Assessment Scale-Cognitive Subscale; (2) the Alzheimer's Disease Cooperative Study-Activities of Daily Living Inventory; (3) the Neuropsychiatry Inventory; and (4) the Dependence Scale.
Introduction
Alzheimer's disease (AD) is a progressive, fatal neurodegenerative disease with no known cure. Although disease etiology is unclear, advancing age is the greatest known risk factor for disease development [1] ; approximately 11% of the US population aged 65 years has AD, and this increases to nearly 32% in those aged 85 years [2] . It is estimated that .5 million individuals in the United States suffer from AD, which is the sixth leading cause of death in the nation [1] ; prevalence of AD is increasing with aging populations in the Western Hemisphere, placing an everincreasing burden on health-care systems [3] .
Recent scientific advances in AD mean that the disease can now be thought of as a continuum, with both preclinical (asymptomatic but with evidence of AD pathology) and clinical (symptomatic) phases [4] . The clinical phase is normally associated with signs and symptoms associated with a decline in cognitive and functional abilities [5] . Such symptoms are distinguishable from typical agerelated changes [6] and vary greatly depending on where E-mail address: sknight@teamdrg.com patients are on the disease continuum. These symptoms can include the following: (1) memory loss that disrupts daily life; (2) poor judgment and decision-making; (3) difficulty having conversations; (4) misplacing items and being unable to find them; and (5) changes in mood and personality [5] . Individuals may present with one or more of these symptoms, with varying severity, which can have a huge impact on patients' and caregivers' health-related quality of life [3] . The Food and Drug Administration acknowledges these different stages of AD and that clinical endpoints and associated outcomes will differ for clinical trials, depending on where patients are on the disease continuum [7] . Importantly, more subtle changes observed in the earlier stages of AD may not be as obvious as the symptoms experienced further along the spectrum. The focus of this study was on patients who are within the early clinical phase of AD (mild-moderate).
There are a number of assessment measures used to assess disease severity in patients with AD; however, the sensitivity and suitability of some of these in mildmoderate AD may be limited [2, 8, 9] . Four measures commonly used in clinical trials, but rarely used in clinical practice, are the Alzheimer's Disease Assessment ScaleCognitive Subscale (ADAS-Cog) [10] , the Alzheimer's Disease Cooperative Study-Activities of Daily Living Inventory (ADCS-ADL) [11] , the Neuropsychiatry Inventory (NPI) [12] , and the Dependence Scale (DS) [13] . These measures are summarized in Table 1 .
The ADAS-Cog is a composite measure administered by clinicians, consisting of a clinician-reported assessment measure and a performance assessment measure [10] . The measure consists of four domains, which include memory, language, praxis, and orientation. Variations of the ADASCog exist, each designed to be more sensitive to a different stage of disease. The version used here is the 11-item version designed for mild-to-moderate AD.
The ADCS-ADL is an observer-reported assessment measure typically administered by caregivers [11] . This 23-item measure is designed to evaluate patient's daily living and covers three domains, namely, physical functioning, mental functioning, and independence in self-care.
The NPI is an observer-reported measure used to determine the presence of psychopathology in patients with AD/other dementias [12] . There are 12 items subdivided into a behavioral domain (10 items) and a neurovegetative domain (2 items). The NPI is based on responses from a caregiver and assesses the frequency, severity, and distress experienced for each item.
The DS is a 13-item observer-reported measure adapted from a scale originally developed to assess dependency in community-dwelling older people [13] . The DS assesses patient level of dependency for various daily living activities (e.g., getting dressed).
Although these assessment measures are commonly used with patients who have mild/mild-moderate AD, there is little evidence to show they capture concepts deemed important to these patients [14] . This is compounded by the fact that none of the measures are patient reported. Although patients may have some decreased insight due to their disease, their opinions are important (in addition to clinicians/caregivers) to ensure that relevant concepts are being measured. Therefore, the aim of this study is to evaluate the conceptual relevance of the four outlined assessment measures in the assessment of mild/mild-moderate AD from the patient perspective. The results could help determine the suitability of using these measures in clinical trials involving patients with mild/mild-moderate AD.
Methods

Steering committee
The researchers worked with the Alzheimer's Association to assemble a steering committee to enhance the patient centricity and clinical relevance of the research. The committee comprised a patient representative with mild AD, an informal caregiver of a patient with mild AD, an advocate from the Alzheimer's Association, and a clinical expert with experience in memory problems and AD. The patient representative and informal caregiver were recruited through discussion with the Alzheimer's Association, who suggested suitable members after a full description of study requirements. The clinical expert was recruited based on their expertise with managing patients with AD (minimum of 10 years) and on their experience with outcomes research in this area.
Assessment of conceptual coverage
Development of a conceptual model for mild AD
A targeted electronic literature review was conducted to identify qualitative publications reporting the patient experience of mild AD. A detailed search strategy combining search terms for AD and qualitative research was developed to identify all relevant publications, (presented in full in the Supplementary Information [ Table 5 ]). Titles and abstracts of publications from the searches were screened using specific inclusion criteria (Table 2) . Studies with Englishspeaking populations and clear definitions of mild AD were included. Included studies were reviewed to extract relevant concepts using qualitative methods facilitated by ATLAS.ti, version 7, software. A conceptual model (CM) of the patient experience of mild AD was subsequently developed to illustrate the relationship(s) between the identified concepts. Concepts (things that were identified as being important) were distinguished as either a symptom (e.g., memory loss) or an impact (e.g., difficulty driving) and grouped into domains of related experiences. The model was reviewed, modified, and approved by the steering committee.
Analysis
Items from the four assessment measures were compared with the concepts identified from the qualitative literature review. Compatibility between the CM and assessment measures was evaluated to determine whether the measures included concepts considered important to patients, and whether any irrelevant concepts were included or not included. 
. Survey design
A quantitative survey was designed to capture data on patient-reported disease severity and symptom botheration. Survey content was predominantly based on the most relevant concepts extracted from the four assessment measures, with additional concepts deemed to be of significant importance added by the steering committee. Survey development was an iterative process with several review stages and revisions involving the steering committee. Ethics approval was provided by the New England Independent Review Board for the study in December 2016 (#120161008).
The survey comprised 11 main questions that asked predominantly about their AD symptoms and medication. One of the survey questions asked patients to score a list of "bothersome" symptoms (n 5 41) on a severity scale ranging from 1 to 5, where 1 was equal to "this does not bother me at all" and 5 was equal to "this bothers me greatly". Concepts that patients had not experienced could be given a score of 0. In another question, patients were asked how important it is for them to be able to carry out a number of activities and to grade their perceived severity of their AD symptoms overall. There was a 7-day recall period for questions related to bothersome symptoms and most important activities. See Supplementary Information for the full survey.
Participant selection
One hundred participants were recruited across five clinical sites at three geographical locations in the United States. Patients aged 65 years on the day of survey completion with mild/mild-moderate AD (either confirmed via magnetic resonance imaging scan or suspected via clinical observation and/or measurement) were eligible to participate in the survey. A Mini-Mental State Examination was not administered/required as part of screening; however, if a patient had completed it in the past, a score of 18-25 was required. Participants required an understanding of their condition and sufficient cognitive, reading, and linguistic capabilities to complete a five-page pen-and-paper survey in American English, as determined by their clinician. Participants had to provide informed consent before study admission. Individuals were excluded if they were aged ,65 years; had a significant psychiatric/physical comorbid condition that would prevent study participation (clinician determined); had a diagnosis of early onset AD; or had a diagnosis/symptoms suggestive of moderate/severe AD. Patients completed the survey independently around March to April 2017 at their physician's clinical site. A review of the captured data was carried out to check for any abnormalities after the first five participants had completed the survey. The remaining 95 participants completed the survey once no data collection issues were identified.
Analysis
Results were analyzed using descriptive statistics in Microsoft ExcelÒ according to a statistical analysis plan approved before survey implementation.
Patient interviews 2.3.2.1. Interview design
A semistructured patient interview guide was developed to follow up on questions asked in the survey to obtain additional information; all patients were asked the same core set of questions, which aimed to explore patients' feelings about their condition and to better understand their survey answers, e.g., "In the last 7 days, are there any activities or tasks that you have had trouble with that have bothered you?" As with the survey, interview guide development was an iterative process involving the steering committee; questions were developed through discussion among the team. Ethics approval was provided by the New England Independent Review Board in March 2017.
Participant selection
Fifteen interview participants were recruited from the group of individuals successfully completing the quantitative survey, thus eligibility criteria remained the same. However, patients were only asked to participate if they completed the survey with ease. Where possible, a range of patients with different demographics were recruited.
One-to-one phone interviews were conducted using the approved interview guide. Interviews were to last approximately 1 hour and took place between March and May 2017. All interviews were audio recorded with patient consent and transcribed verbatim.
Analysis
Transcripts were analyzed, according to the approved study protocol, using qualitative methods facilitated by AT-LAS.ti, version 7, software [15] ; transcripts were uploaded, and quotes from the interviews were sorted by domain using thematic analysis techniques to determine aspects of mildmoderate AD which were important to patients [16] .
Results from the survey/interviews were compared against the concepts included in the assessment measures to determine whether the symptoms/impacts of mildmoderate AD reported as bothersome by patients were indeed measured.
Results
Assessment of conceptual coverage
Conceptual model of mild AD
The literature review identified 18 articles (17 unique studies) that were relevant to the target patient population (Fig. 1) . After qualitative analysis, 45 concepts were identified which described the patient experience of mild AD, comprising six symptoms experienced directly due to the disease (e.g., short-term memory loss) and 39 impacts experienced because of a disease-related symptom. Impacts were divided into five groups of related experiences (impact on thought processing, impact on daily activities, impact on communication, impact on social life, and emotional impact). An additional four impacts, not identified from the literature review, were proposed by the steering committee as being relevant to the patient population. These four concepts, in addition to those identified during the literature review, were combined into a CM (Fig. 2) . The CM displays each concept as a visual representation of patients' symptom experience of mild AD and aims to show any potential relationships.
Conceptual relevance of assessment measures
The concepts detailed in the CM were mapped to items in the four assessment measures (for compatibility).
The ADAS-Cog covered only two of the six symptoms identified in the CM (short-term memory loss and reduced cognition) and a limited number of impacts, mostly associated with communication. None of the other impact domains (e.g., impact on daily activities and emotional impact) were covered.
The ADCS-ADL covered most domains and concepts identified in the model, including "memory loss" and "reduced concentration" symptoms. However, three symptoms (apathy/lack of energy, reduced cognition, and confusion) were not covered. Impacts associated with thought processing, communication, and daily activities were well covered by the measure (albeit from a caregiver perspective). Emotional impact was not covered.
Out of the measures assessed, the NPI covered the fewest domains and concepts identified by the CM. Only one symptom (apathy) and one emotional impact (depression/suicide ideation) were covered, although it was the only measure to cover any of the emotional impacts.
In terms of overall conceptual coverage, the DS was the only measure that did not include an assessment of identified symptoms. Impacts considered important to patients, especially those associated with daily activities, thought processing, and social life, were covered, but no items covered emotional impacts. The DS contained several items not identified by the CM, including incontinence-and feedingrelated impacts.
Twenty concepts identified in the CM were not included in any of the assessment measures (Supplementary Information, Appendix A- Table 6 ). Two symptoms not assessed by any measure were "reduced energy" and "confusion". Impacts that were not included were generally emotional rather than physical, including feelings of frustration, anger, and guilt.
Assessment of relevance
Patient demographics and clinical characteristics
Clinical and demographic characteristics for the 100 survey participants are presented in ranged from 65-96 years, (mean age of 77 years), were mostly Caucasian/White (71%) with some being Black/ African-American (21%), and were mostly retired (81%) with the majority living with others including their partner or family (73%). AD symptoms had been experienced for varying lengths of time, from less than six months (7%) to over ten years (10%) with most having experienced symptoms for 1-2 years (38%). Most participants had received a diagnosis of mild AD (83%), a much smaller number had a diagnosis of mild-moderate or moderate disease (4%; 68%), which had been diagnosed using the Mini-Mental State Examination.
Just under half the patients surveyed (46%) were receiving medication to treat the symptoms of AD (mean duration on current medication of 25 months) ( Table 3) .
Survey and interview results
Patients were able to report their symptom severity and AD disease experience via the survey and, if suitable, through a subsequent interview, which provided patients with the opportunity to further discuss their feelings.
Each assessment measure concept was endorsed as experienced and bothersome by at least one patient. The ten most commonly experienced concepts are outlined in Table 4 .
"Worrying about my disease getting worse," a concept included by the steering committee and not included in any of the assessment measures, was identified as the most bothersome impact from both the survey (reported as the most bothersome impact by 23% patients) and interview and was experienced by 73% of survey participants. "Loss of identity", also added by the steering committee; "remembering the names of people and common objects", assessed by the DS, ADCS-ADL, and ADAS-cog; and "not being able to find familiar objects" assessed by the DS and ADCS-ADL were also among the most bothersome impacts experienced (experienced by 41%, 82%, and 78% of survey participants, respectively).
Patients were also asked to provide any additional symptoms and impacts that they found bothersome because of AD. Six participants described difficulty driving or getting lost while navigating, three described not being fully independent and their need to rely on others, and two mentioned poor organizational skills-these were concepts identified by the qualitative literature review and included in the CM.
Memory loss
Patients rated most activities as being important to do to remain independent. Consequently, it was difficult to determine which single activity was most important to patients; however, "the ability to maintain my health and safety" was reported by the highest number of participants (12%) and yet was not represented by any of the measures. Of the activities not captured within the survey, driving was reported as being important to maintain independence (n 5 4). This was corroborated by the interviews, with several patients reporting how important driving was to them.
Overall, survey results appeared to reflect those that were raised in the interviews, that is, the most bothersome symptoms and impacts reported in the survey were also reported in the interviews. However, there were some discrepancies between individuals' responses to the survey questions and answers given in the interview, mainly in relation to selfreported symptom severity where 11 patients answered differently in the survey compared with the interview. Although not a concept or an impact, it is interesting to note and could suggest disease fluctuation. A number of psychological and emotional impacts were reported by patients in greater detail during the interviews; nearly all patients reported one or more bothering feelings including depression, demotivation, frustration, embarrassment, anxiety, and fear.
Discussion
This study provides an overview of the conceptual relevance of four assessment measures assessing patients with mild/mild-moderate AD from the patient perspective. The results suggest that the most important symptoms to these patients are related to memory and communication, and the most important impacts are more emotional and psychological than physical. Fear of deterioration ("worrying about my disease getting worse") was highlighted as being a very important and relevant concept which was not reflected in the reviewed measures. Similarly, "loss of identity" was flagged as a recurrent patient concern also missing from the measures. In addition, patients were concerned about their ability to carry out activities of daily living in relation to remaining independent, such as driving. As seen in the concept matrix ( Supplementary Information, Table 6 ), some of the included assessment measures do include these high-level symptom concepts (e.g., the ADAS-Cog includes an item to capture memory loss). However, it can also be seen that not all of the symptoms or memory issues identified as being important or relevant to patients are captured (e.g., reduced concentration), nor are they patient reported. Issues associated with emotional and psychological impacts were generally poorly covered by the four clinical assessment measures. This could be because emotional concepts are difficult to collect from clinician-or observer-reported measures and are better collected from patients themselves. These existing clinical measures may also not be granular enough to detect subtle changes that occur at mild/mildmoderate disease stages and may be better suited for evaluating individuals with severe AD because they capture impact on basic activities (e.g., toileting independently). Activities requiring a higher level of cognition and ability were considered more important to patients with mild/mildmoderate AD for them to remain independent and are concepts not covered by the measures.
Symptoms reported during interviews and in the survey were in good levels of agreement with one another. The variation noted between the symptom severity score given during the survey and interviews by individual patients could be attributed to variability in symptoms of AD over time. The current research does appear to demonstrate that patients with mild/mild-moderate AD are capable of reporting (6) 1 (13) Abbreviation: SD, standard deviation. Table 4 Ten most common concepts (symptoms or problems) experienced by survey participants and relevant quotes extracted from interviews
Concept
Survey participants experiencing and bothered by symptom, N 5 100 Associated quotes from patient interviews
Remembering a list of items 85% "Right before I go to get my groceries I usually try to write a few words, but invariably I have forgotten some other things. I: The ones that you have written down do you mainly remember to get them? Yes, I manage to get them after hunting through the grocery shopping. The people are not very helpful, they say you've just got to look around and look around to find these things, and then I try to remember them but it's hopeless for me, don't know which row is it, was row four or row five looking for food, and I can't think of the numbers. I always say to myself I'll remember that is row four, then I go to row four but I have forgotten what the hell I want." (02-31) Remembering names of people and common objects 82% "I have like my next door neighbor he will come up and I will say oh man what's his name? I forgot his name, and I do that a lot, and so forth." (02-50) "People that I know their face and I haven't seen them in a long time and I can't think of the name, and they will come to me and they say, "Hi [name], they remember my name and I don't remember theirs." [Laughs] so that's a concern, especially if I'm at a place like we had a reunion or something like that, and these people I haven't seen in years." (02-34) "I'm forgetting names and my wife has to help me." (01-05) Misplacing things 80% "I couldn't remember where I had put things, and I couldn't find them, and that's not me." (05-93) Not being able to find familiar objects 78% "Well it bothers me because I can't find it, the key to my car and don't have no idea what happened to it." (02-29) Worrying about my disease getting worse 73% ".it makes you wonder about your independence, how much will you be able to do. You really don't want to have to count on anybody else, even though you know they would be there, but it's like I don't want to ask people to take me to my doctor's appointments, or to cook me lunch or dinner, I don't want to have to ask people to do those things." .that concerns me when I'm talking about something, and there's a word that I want to use to describe something and I can't think of the words." (02-34) "It's like I want to say something and then I can't remember, and then I get aggravated, and then it's like I jumble my words in, because it's just. doesn't come out like I would like it to be." (03-53) "I don't know how to word it but sometimes I do get aggravated with myself, because I can be talking to her and then just she'll be doing something else and then I forget what I was talking to her about or something, once in a while." (03-52) Confusion regarding date and time 70% "Just being able to know what clothes will go together and what the time of the year is, and things like that, so that you know just the basic things." (01-19) Change in mood (e.g., being easily irritated in a way that I was not previously) 69% ".there's a lot of things like working around trying to fix things and everything, and I think I could do it and everything, and then I go and do it and then I mess up with it, and I get all messed, worse than what it was. So I get all frustrated over that, and besides other things. I get all frustrated up." (02-50) (Continued ) important issues that affect them and also like to be involved in research.
From the combined results of this research, it can be concluded that the ADAS-Cog, ADCS-ADL, NPI, and DS, all regularly used in clinical trials, do not appear to capture the full breadth of concerns of patients with mild/mildmoderate AD. Ensuring measurement of the concepts that are identified as those that matter to patients may help to distinguish whether new treatments are successful within a trial (as they will be assessing change on concepts that are relevant to patients). Published literature also suggests that these commonly used outcome measures may not be the most suitable to identify reliable change in patients with early AD [9, 17] . A number of high-level concepts assessed by these measures are relevant to patients. A larger number of concepts deemed of greatest importance to patients (including activities such as driving) are not included, nor are they captured directly from the patient. Indeed, published literature also suggests that although commonly used, historical measures, including the ADAS-Cog and NPI, may be less suitable for use in patients with milder AD because of the discrepancy between presenting symptoms and those included in the assessments [18, 19] .
Thought should therefore be given to what matters most to these patients before selecting suitable endpoints for clinical trials and, therefore, suitable assessment measures to capture these. Patient and clinician interviews should be conducted before clinical trial endpoint selection. In addition, a full review should be undertaken to identify whether an existing measure can be used (or a composite created) or whether a new patient-reported outcome measure needs to be developed for use in clinical trials of mild AD patients.
Limitations
Although the overall study was designed appropriately and implemented according to protocol, several limitations are acknowledged. Only studies reporting in Englishspeaking populations with defined mild AD were included in the literature review. Consequently, relevant studies reported in other languages or with less well-defined descriptions of mild AD may have been excluded. Despite this, the stringent inclusion criteria ensured that all included concepts were highly relevant to the target population.
The inclusion of mixed methodology (quantitative and qualitative) within the study aimed to obtain substantial breadth and depth of data from patients. However, not all concepts identified by the literature review, steering committee, and assessment measures could be included in the survey because of length restrictions. This was mitigated by only including the concepts approved as most relevant by the steering committee and providing patients with an Table 4 Ten most common concepts (symptoms or problems) experienced by survey participants and relevant quotes extracted from interviews (Continued )
Concept
Survey participants experiencing and bothered by symptom, N 5 100 Associated quotes from patient interviews Feeling down or depressed (e.g., feeling sad or tearful) 65% "Well sometimes I do get a little depressed because well. I never experienced this before so I do get a little depressed at times and then at times I'm fine." (04-71) "So I just I don't really hardly ever say I got bad days, I just may have I call it a little depression sometimes, whatever." (03-52) ".I can see where there's a bigger problem, the depression is, I don't know whether I've gone on depression one has to have to be hospitalized for depression.I: And you feel that the depression goes very closely with the memory problems? They sort of go hand in hand? I really do, I really do." (01-05) "Sometimes I get depressed because it's just I think it's like anything, it's like the process of getting older and you know that things are slipping, they're not the way they used to be when they were say in your 30s or 40s. Your life isn't exactly the same anymore. I: I understand that, and so how often do you feel down would you say? Probably at least once a week. It impacts me by I don't want to do anything, I don't want to see anybody, I don't want to talk to anybody, I want to sit and just vegetate, just put everything out of my mind that I can." (01-19) "I'm tired and then I have no ambition, I think I just don't feel like. dusting and vacuuming and things like I used to." (03-51) Following instructions 65% "Well like cooking, the food isn't the same as it used to be when I used to remember what I was doing with each ingredient, like I will make a recipe now, because I have always cooked out of my head, and then I will say why does it taste different? Because I forgot to put this in there. Like one of my grandkids will tell me, "Grandma you forgot to put the mustard in there," or you forgot to put whatever." (01- 19) opportunity to discuss symptoms that may have not been included in the survey in the follow-up interviews. For the interviews, participants were selected if they had completed the survey with ease and if they were deemed "able" enough to complete the interview. This selection process meant that it was more likely that patients with milder AD with the lowest disease activity were chosen for interview. Consequently, the full range of disease experience may not have been represented. Another point to note, as with all qualitative data capture, is that patients may have answered in a way that made their responses socially desirable. This was mitigated by cross-checking responses (where possible) with the quantitative survey results.
No primary data were collected from caregivers or individuals living with the patient who could potentially provide additional insight into the daily problems of the patient. This suggestion was put forward by steering committee and should be considered for future studies.
Conclusion
The four assessment measures reviewed in this study do not appear to capture many of the concepts reported as being most important to patients with mild/mild-moderate AD (i.e., emotional and psychological impacts) instead of focusing on physical ability and symptoms. Patient-reported assessment measures may be more suitable for assessing function and ability in patients with mild/mild-moderate AD than clinician or observer reports made in isolation and should therefore be considered for use alongside these reports, providing additional context and understanding. These findings should be considered in clinical trial research involving patients with mild/mild-moderate AD and reporting health-related outcomes with a focus on eliciting what matters most to patients.
